Alfentanil is a short-acting opioid analgesic currently undergoing pharmacological and clinical evaluation (de Castro et al., 1979; Kay and Stephenson, 1980; Niemegeers and Janssen, 1981) . It has one-quarter to one-half the potency of fentanyl as an analgesic (Niemegeers and Janssen, 1981) and respiratory depressant (Brown, Pleuvry and Kay, 1980) . The present study measured the duration of analgesic action of alfentanil with increasing dose. The short duration of action makes it likely that it would be given repeatedly to the same individual and might be used to supplement the analgesic activity of another opioid such as morphine. Thus we have also examined reproducibility of repeat injections of alfentanil and interactions between alfentarul and morphine.
The laboratory mouse was used as the experimental model in these studies.
METHODS
Male Manchester strain mice, weight 25-35 g were studied. The hot-plate reaction time (Bousefield and Rees, 1969) was used to assess the antinociceptive activity of the drugs which we have equated with analgesic activity. The mouse was placed in an open-ended Perspex cylinder on a plate maintained at 55 °C. The end-point was taken as a sign of discomfort in the rear paws. Any mouse not reacting within 45 s was removed from the surface of the plate. Respiratory rate was 0007-0912/82/010081-05 801.00 measured using a respiratory interval timer (Crossland et al., 1977) . The mouse's snout was held in the barrel of a 5-ml plastic syringe cut to a length of 2 cm. A bead thermister heated to 10 °C above ambient temperature was fitted into the luer outlet of the syringe and sensed the temperature change caused by breathing. This was displayed as respiratory interval in ms and converted to respiratory rate. Dose-effect relationships were determined for alfentanil and fentanyl on the hot-plate reactiontime test. Analgesia was measured at 2 min intervals and, after initial studies to determine the doses, the experiments were performed blind.
From the results of this study, alfentanil 0.6mgkg~1 was selected for the study of repeat doses and interaction with morphine. In the repeat dose study, alfentanil 0.6mgkg"' was administered up to a total of five times. After each dose, the hot-plate reaction-time was assessed at 2-min intervals until it had returned to saline control values. The next dose of alfentanil 0.6mgkg~' was then administered. Respiratory rate was measured just before each assessment of hot-plate reaction time. Alfentanil 0.6mgkg~1 was administered either 15 min before, simultaneously with or 30 min after morphine hydrochloride. In the first two instances, the dose of morphine was 5 mg kg ~1 and 10 mg kg ~! in the last so that significant analgesia was present at 90 min. Respiratory frequency was again measured just before the hot-plate reaction time.
Since there are diurnal and batch variations in the actual reaction times produced by a group of mice, all comparisons were made on concurrently tested mice. In experiments where only one or two mice could be handled at once, for example for comparison of the fentanyl and alfentanil dose-response curves, the order in which each dose was administered in each batch of 12 mice was randomized from batch to batch. All experiments included concurrently tested salinetreated control mice and all drugs were given i.p. in a dose volume of 0.1 ml per lOg body weight.
Results are expressed as means ±SEM in groups of 12 mice. Significance was assessed using Student's t test or the Mann-Whitney U test. Alfentanil produced similar increases in hotplate reaction time with each of the five repeat injections (fig. 4) . The duration of analgesia was 16.8 ± 2.3 min with injection 1 and 18.3 + 2.3 min with injection 5 indicating that there had been no prolongation of effect with repeat injections. Depression of respiratory rate was reproducible with the first three repeat doses but, subsequently, was greater than that of concurrently tested saline control mice just before injections 4 and 5 (table I) . When alfentanil was injected simultaneously with morphine, not only was the peak analgesia less than when alfentanil was given alone, but the mice exhibited less analgesia 30-60 min after injection than those given morphine alone ( fig. 5) . The apparent inhibition of morphine analgesia was also seen when alfentanil was administered 30 min after the morphine or 15 min before the morphine (table II) . In the latter case, the analgesic action of alfentanil had virtually ceased before the injection of morphine. In these experiments depression of respiratory rate by morphine tended to be reduced 30-60 min after alfentanil, but this was never statistically significant. To examine alfentanil-, fentanyl-, alfentanil plus fentanyl-and saline-treated mice concurrently, 
DISCUSSION
Alfentanil has been shown in the mouse to have an analgesic potency one-quarter of fentanyl. This confirms the findings of Niemegeers and Janssen (1981) in the rat. The duration of action of alfentanil was markedly less than that of fentanyl and did not increase greatly with increasing dose. Even the largest dose of alfentanil used (0.8 mg kg ~') produced analgesia foronly 16min. In contrast, the largest dose of fentanyl (0.4mgkg~) has been shown to produce significant analgesia in the mouse for up to 60min (Smith, 1976) , whilst the smaller doses (0.05mgkg" 1 ) produced a duration of analgesia comparable to that of alfentanil.
An analgesic drug of such short duration of action as alfentanil is likely to be given clinically in repeat doses. Up to five repeat doses have been shown to give reproducible analgesic effects in the mouse with no evidence of either cumulation or tolerance. However, some suggestion of cumulation was found with depression of respiratory rate which became significant after the third injection. Some cumulation with increase in arterialized venous Pco 2 has been reported after repeat injections of alfentanil in the rabbit (Brown, Pleuvry and Kay, 1980) . In the present mouse study, as in probable clinical use, alfentanil administration was repeated after cessation of analgesic action. Thus results in mice and rabbits suggest that, if alfentanil is used repeatedly, the possibility of cumulative respiratory depression cannot be ruled out.
Alfentanil has been shown to reduce the analgesic activity of morphine in the mouse. This is unlikely to be simply a pharmacokinetic phenomenon, as similar findings were obtained when alfentanil was administerd before, simultaneously with or after morphine. It is possible that alfentanil has morphine antagonist properties or, since this action is seen long after the analgesic action of alfentanil, that a metabolite of alfentanil has antagonist properties. However, the reproducibility of repeat injections of alfentanil suggests that agonist/antagonist interaction at one receptor system does not provide a complete explanation.
fentanyl. Des doses repetees eurent des effets analgesiqucs rcproducubles mais la depression respiratoire s'est rapidement accrue lorsque Ton administrait des in)ecaons repetees en raison de la cessation de Pactivite analgesiquc. L'alfentanil semblait faire diminuer l'effet analgesique de la morphine admirustrec 30-60 nun apres radministration de l'alfentanil Ceci a etc demontre lorsque Ton a administre de l'alfentanil 15 min avant, simultanement avec la morphine et 30 mm apres l'lnjection de morphme II n'y a pas eu d'eflfet marquant sur la depression du rythme respiratoire occasionne par la morphine 
SUMARIO
La accion del alfentanilo es de poca duracion y esta no aumenta marcadamente con un incremento de la dosis en el raton. Su potencia es aproxunadamente de un cuarto de la del fentamlo. Inyecciones repetidas tuvieron como consecuencia efectos analgesicos reproduciblcs, pero aumento rapidamente la depresion respiratona cuando se admuustraban myecciones repetidas en base al paro de la actividad analgesics El alfentanilo parcce tcner un efecto redunor sobre la analgesia causada por la mornna administrada 30-60 nun despues de la administracion del alfentamlo. Esto se demonstro mediante myecciones de alfentanilo 15 min antes de la lnycccion de morfina, simultaneamente a ella y 30 mm despues de la misma.
No hubo efectos significantes sobre la depresion del ntmo respiratono causada por la mornna.
